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Abstract

Energy needs are increasing rapidly along with population growth, increasing population activity, and
massive development in technology. However, a current energy source is mainly from fossil energy. This condition
is inversely proportional to fossil energy stock, decreasing year by year as a natural condition of non-renewable
energy. On the other hand, fossil energy damages the environment by its pollution, such as deforestation and air
and atmospheric pollution in the form of greenhouse gas emissions. For this reason, the world needs another
source of energy that could replace fossil energy as a source and is also environmentally friendly. New and
renewable energy could be the solution.

Indonesia has plenty amount of new and renewable energy potential. However, renewable energy is
weather-dependent, thus requiring storage technology to store the energy. The current common storage
technology is battery technology. This technology has some weaknesses: limited capacity, high cost, less flexibility,
expensive, and short lifetime. Another storage technology with high flexibility, easy transport, high amount
capacity, long lifetime, and wide usage is needed. Hydrogen storage appears to meet all these requirements.

This study aimed to calculate the optimum potential of photovoltaic power stations at Baru Pandansimo
Beach of Bantul, Yogyakarta, as an energy source to produce hydrogen as a storage energy system. The
simulations are done using HOMER software were carried out in three photovoltaic power station scenarios:
fixed-tilt, single-axis tracker, and dual-axis tracker, and showed that the fixed-tilt photovoltaic power station
scenario is the most optimal design and architecture. With total capacity reaching 7.8 MWp potential to be built
at Baru Pandansimo, it could generate 11,657,704 KWh/year electrical energy with an NPC value of USD 8.29
M, and a COE of 0.0420 USD/KWh. This electrical energy could produce 213,288.06 kilograms of H2 at a 2.3
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USD/kg production cost.

1. Introduction

Nowadays, fossil energy and electricity are primary
needs that must be met to support daily life. Increasing
population, technological developments, and increasing
community activities demand a massive increase in energy
use. Unfortunately, in Indonesia, the majority of electrical
energy is still generated from processing fossil fuel-based
energy, which is non-renewable energy. With the increase in
population, technological developments, and increased
community activities, the use of fossil energy has increased
drastically.

Data from The National Study of Energy Used in 2016
shows that energy used is still dominated by fossil energy
(ESDM, 2017). The composition of the energy mix is
petroleum 41.73%, coal 30.48%, natural gas 23.37%,
hydropower 2.89%, geothermal 1.37%, and biofuel 0.165%.
In total, the use of new and renewable energy in 2016 was
only 4.42%. From these data, it can be concluded that the
fulfillment of energy at this time is still very dependent on
fossil energy. This is inversely proportional to the production
of fossil energy in Indonesia.

From the 2018 Annual Report of the Directorate
General of Oil and Gas, it is known that in 2008, oil reserves
in Indonesia were 8.21 billion barrels, while in 2018, oil
reserves were 7.5 billion barrels. From these data, it is
proven that Indonesia's oil reserves are decreasing from
year to year. Meanwhile, natural gas reserves in Indonesia
have also reduced, from the initial 170 TSCF in 2008 to 136
TSCF in 2018. This value will continue to decline year after
year transiently because it is due to reserves being depleted

and increasing use due to the increasing number and activity
of the population.

In addition to declining reserves, fossil energy also
harms the environment. One of them is greenhouse gases.
According to data from the 2018 Ministry of Environment
and Forestry, fossil energy has a 48% share in producing
total greenhouse gases in Indonesia. Therefore, it is
necessary to have a new energy source that is
environmentally friendly and can replace fossil energy in
meeting energy needs in Indonesia.

One of the expected solutions is to develop new and
renewable energy. This process has been initiated by the
Government of Indonesia, following the Minister of Energy
and Mineral Resources Regulation no. 39 of 2017,
concerning the Implementation of Physical Activities and
Utilization of New and Renewable Energy and Energy
Conservation. In the utilization of new and renewable
energy, the government targets a total of 23% to use new
and renewable energy from the total national energy mix by
2025.

Indonesia is a country with great renewable energy
potential, but has not fully explored yet, for supplying new
and renewable energy, such as, among others, solar energy.
Baru Pandansimo Beach, Bantul, Yogyakarta, is one of the
locations in Indonesia that has utilized the potential of solar
energy. It has an area of 24 hectares, with average solar
energy radiation of 4.8 KWh/m?/day (ESDM, 2012). The
photovoltaic power station capacity already available there
when this study ran was 27 KWp, which was considered not
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optimal, thus requiring a study to determine its optimal
potential.

Another obstacle in using new and renewable energy
is its discontinuousness, thus requiring storage media. The
battery, which has several drawbacks, including its high
price, short lifetime, and lack of flexibility, has been the
commonly used storage media. Meanwhile, another storage
system has high flexibility in storage, transportation, and
utilization. It is hydrogen (Nicita et al, 2020).

As a means of energy storage and transportation,
hydrogen can be produced using an unlimited number of
raw materials, namely seawate. It used new and renewable
energy as a source of electrolysis energy to produce
hydrogen. So, that it is very possible to become an
environmentally friendly energy source (Bhattacharyya et al,
2017).

The study of optimizing the use of solar energy at Baru
Pandansimo Beach was carried out using the HOMER
software to determine the optimal potential of the
photovoltaic power station, both in terms of electricity
production and economic aspects. The purpose of this
research was to optimize the photovoltaic power station
using the Sun-tracking system method, analyze techno-
economics in their development and operation, and use
them as input energy for the electrolysis of water into
hydrogen gas.

This research was expected to provide benefits that
are providing information on the optimal operating
conditions for the photovoltaic power station in Baru
Pandansimo Beach of Bantul, Yogyakarta. It provides
information related to their development technology in the
area and the achievable potential for producing hydrogen
from the electrolysis of water using the power generated.

2.  Methodology

Figure 1 shows the flowchart of the stages done in this
research.

Fixed-tilt PLTS | | Single-axis tracker PLTS. | | Duak-axis wacker PLTS |

|

| HOMER simulation |

Figure 1. Research flowchart

A. Data Collection Method

In this study data were collected through the following
methods:

a. Direct observation at Baru Pandansimo Beach of
Bantul, Yogyakarta.

b. Collecting secondary data from reference books,
journals, and the internet, related to the research
topic.

c. Retrieving data from the HOMER
database.

software

B. Research Location

This research was conducted at Baru Pandansimo Beach
of Bantul, Yogyakarta, which is located at coordinates
07°59'02.62” S 110°12’ 33.71” E, as shown in Figure 2.

i, Ngentak, Poncosari, Kec. Srandakan, Kabupaten Bantul, Daerah Istimewa Yogyakarta 55762, Indonesia

»

07° 59'02.62" S 110° 12! 33.71" E = | 500m

Pantai Baru Location Search

Figure 2. Location of Baru Pandansimo beach of Bantul,
Yogyakarta

Pandansimo Baru Beach of Bantul has an area of 24
hectares with boundaries, as shown in Figure 3.

Tampilkan pratinjau rute & ~

Figure 3. The boundaries of the area of Baru Pandansimo
beach of Bantul, Yogyakarta

The National Renewable Energy Laboratory (NREL) has
collected and analyzed data on land use to construct a
photovoltaic power station based on different capacities
and types, as listed in Table 1.

Online version available at http://journal.ugm.ac.id/index.php/ajse 57



ASEAN Journal of System Engineering, Vol. 5, No. 2, December 2021:56-62

Table 1. Summary of the need for land area for the

Table 3. Average temperature at Baru Pandansimo Beach

construction of a photovoltaic power station (NREL, 2013)

Technology Direct Area Total Area
ga;aﬂés; Generation- i:?aﬂg’g Generation-
average lang | Weighted average average lang  ‘elghted average
u?se land use u‘ze land use
(acres/MWac) (acres/GWhiyr) (acres/MWac) (acres/GWh/yr)
Small PV (>1 MW, <20 MW) 59 31 8.3 41
Fixed 5.5 3.2 7.6 4.4
1-axis 6.3 29 8.7 3.8
2-axis flat panel 94 4.1 13 5.5
2-axis CPV 6.9 2z 9.1 3.1
Large PV (>20 MW) 7.2 3.1 78 34
Fixed 58 28 7.5 3.7
1-axis 9.0 35 83 33
2-axis CPV 6.1 20 8.1 28
csP 77 27 10 35
Parabolic trough 62 25 9.5 3.9
Tower 89 28 10 32
Dish Stirling 28 1.5 10 53
Linear Fresnel 20 1.7 4.7 40

Table 1 shows that constructing a fixed-tilt, single-axis
tracker, or dual-axis tracker photovoltaic power station
needs 7.6, 8.7, and 13 acres, respectively. Baru Pandansimo
Beach of Bantul, Yogyakarta, has an area of 24 hectares or
59.26 acres (1 acre = 0.405 hectares). The potential
capacities of each of the above types are 7.8 MWp, 6.8
MWop, and 4.5 MWp, respectively.

Data on solar energy radiation, namely the average
data between 1983 and 2005 provided by NASA, are
downloadable from the HOMER software. Clearness index
data are also available. Table 2 and Figure 4.3 show both
data of the area of Baru Pandansimo Beach of Bantul,
Yogyakarta.

Table 2. Data of solar energy radiation and clearness index
at Baru Pandansimo Beach of Bantul, Yogyakarta

Average Daily
Month Clearness Index Radiation
(KWh/m?/day)
January 0.396 4.28
February 0.413 4.47
March 0.437 4.59
Avpril 0.485 4.72
May 0.534 4.73
June 0.544 4.55
July 0.561 4.8
August 0.564 5.25
September 0.546 5.54
October 0.506 5.39
November 0.437 4.71
December 0.425 4.57
Average 0.487 4.8
The HOMER software provides data on the

temperature of the research site in the form of average data
for measurements made by NASA from 1984 to 2013. Table
3 is temperature data of Baru Pandansimo Beach of Bantul,
Yogyakarta.

of Bantul, Yogyakarta

Month Temperature (°C)
January 24.97
February 24.99
March 25.19
April 25.34
May 25.04
June 24.3
July 23.62
August 23.72
September 24.63
October 25.36
November 25.35
December 25.05
Average 24.80

3. Results and Discussion

From the data above, the simulation of optimizing a
photovoltaic power station was carried out using the
HOMER software by performing three scenarios based on
the photovoltaic power station types, namely fixed-tilt,
single-axis tracker, and dual-axis tracker. The components of
the HOMER simulation are shown in Figure 4.

AC DC
Grid Electric Load #1

— f
- |

3]

PV |'.'3

Q-

-

o

— N

93600.00 kWh/d
12985.26 kW peak

Converter

—

Figure 4. Photovoltaic power station configuration

A. Electric Load

To compare the performances and economic values of
the three station types, a HOMER simulation was carried out
with the same load and capacity values. The assumed load
and capacity of 4.5 MW and 4.5 MWp, respectively, referred
to the maximum potential capacity that could be built at the
beach for the dual-axis type. The load in this simulation was
only given during the hours when the power plant works,
namely during the day, from 06:00 A.M. to 6:00 P.M. At
00:00 - 05:00 and 18:00 - 24:00, there is no load because the
power plant does not work during these hours. The detailed
data are presented in Table 4.
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Table 4. HOMER simulation load data

E. Results of Simulation using the HOMER software

B. PV Module

The PV module used was the flat PV with the same
specifications as those available in the market. The data
were taken from the HOMER software database as
presented in the following table:

a. Derating Factor : 85-96%
Efficiency :15-17
Temperature effect : -0.53%/°C
Nominal operating cell temperature (NOCT) : 44°C
Lifetime : 20, 25, and 30 years

ma oo

C. Converter

The converter in this study was used to convert DC
electricity from PV to AC electricity to distribute excess
electrical energy to the PLN network when excess
production occurred. The converter specifications used in
the simulation are as follows:

a. Type : DC to AC Generic Converter
b. Capacity :1000- 5000 KW
c. Efficiency :98%
d. Lifetime : 15 years
D. Grid

In this simulation, the photovoltaic power station
would be an on-grid type solar power station to supply or
sell excess electricity production to the PLN network.
According to the Minister of Energy and Mineral Resources
No. 19 of 2016, the purchase price of electricity from the
station is 0.145 USD/KWh.

] Load (MW) 1. Fixed-tilt Photovoltaic Power Station
Time Fixed Tilt PLTS Single-axis tracker PLTS Dual-axis tracker PLTS Table 5 presents the mOSt Optlmal architecture

7.8 MWp) ( 6.8 MWp) 4.5 MWp) . . i . ’
0:00 0 0 0 specifications, and economic value of the photovoltaic
igg g g 2 power station with fixed-tilt type based on the HOMER
300 0 0 0 software.
4:00 0 0 0
5:00 0 0 0 . . . .
6:00 a5 a5 a5 Table 5. The architecture of a fixed-tilt photovoltaic power
7:00 4.5 4.5 4.5 Statlon
8:00 45 45 45 -
9:00 4.5 4.5 4.5
10:00 45 4.5 45 :::J::t f::::':z PV Time De::ing Efﬁ:i‘elncy Ca:;’city Grid |Converter| NPC | COE |Initial Capital| O&M |Capital Cost| Production
11:00 4.5 4.5 4.5
o . . . o L e e s R R R I A A
13:00 45 45 45 20 100 30 96 17 4500 | 0 1,000 |491M|0.043| 4.83M 71,750 4.77M 6,725,598
14:00 4.5 4.5 4.5
o - - - Table 5 shows that the optimal conditions for a fixed-
17:00 45 a5 45 tilt photovoltaic power station with a capacity of 4.5 MWp
igg 4[')5 4{')5 “j are obtained through the following configuration:
20:00 0 0 0 a. Project lifetime : 20 years
2100 0 0 0 b. PV lifetime : 30 years
22:00 0 0 Y . .
23:00 0 0 0 c. PV efficiency :17%

d. Converter capacity : 1 MW

With this configuration, a fixed-tilt photovoltaic power
station can generate electrical energy of 6,725,598
KWh/year. Its construction requires an initial cost of USD
4.83 M, with a Present Net Cost (NPC) of USD 4.91 M, an
Operating and Maintenance (O&M) cost of 71,750
USD/year, and a Cost of Electricity (COE) value of 0.0430
USD/KWh.

2. Single-Axis Tracker Photovoltaic Power Station

Table 6 presents the most optimal architecture,
specification, and economic value of a photovoltaic power
station with the single-axis tracker type based on HOMER
software.

Table 6. The architecture of a single-axis tracker
photovoltaic power station

Project | Capacity|py 0| PV | PV | PV |Grid|converter| NPC | COE [initial Capital| 0&M |capital Cost| Production
Li Derating | Efficiency| Capacity
$)
(%)
17

e
wears |ty | e |2 o | W e e e | e (kWh/yr)
20 100 30 96 4,500 0 1,000 |5.23M|0.0415 5.15M 76,250 4.08M

7,417,558

Table 6 shows that the optimal conditions for a
photovoltaic power station with the single-axis tracker type
with a capacity of 4.5 MWp can be obtained with the
following configuration:

a. Project lifetime : 20 years
b. PV lifetime : 30 years
c. PV efficiency :17%

d. Converter capacity : 1 MW

With this configuration, a single-axis photovoltaic power
station can generate electricity of 7,417,558 KWh/year. Its
construction requires an initial cost of USD 5.15 M, with a
Present Net Cost (NPC) of USD 5.23 M, an Operating and
Maintenance (O&M) cost of 76,250 USD/year, and a Cost of
Electricity (COE) of 0.0415 USD/KWh.
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3. Dual-Axis Tracker Photovoltaic Power Station

Table 7 presents the most optimal architecture,
specifications, and economic value of a photovoltaic power
station with a dual-axis tracker type based on the HOMER
software.

Table 7. The architecture of a dual-axis tracker photovoltaic

power station
Project | Capacity| o\ oo PV | PV a:avmv Grid |Converter| NPC | COE |nitial Capital| O&M |Capital Cost| Production
(Yo - KW)|  (KW) KWh,
omry | ey | tears P FES SR haw)| o) | 9 | @ | @ © | © | twhs
20 100 30 96 17 4,500 0 1,000 |7.71M|0.0519 7.71M 107,750 7.65M 8,730,665

Table 7 shows that the optimal conditions for a dual-
axis tracker photovoltaic ower station with a capacity of 4.5
MWp have the following configuration:

a. Project lifetime : 20 years
b. PV lifetime : 30 years
c. PV efficiency :17%

d. Converter capacity 1MW

With this configuration, a dual-axis tracker
photovoltaic power station can generate electrical energy of
8,730,665 KWh/year. Its construction requires an initial cost
of USD 7.71 M, with a Present Net Cost (NPC) of USD 7.71 M,
an Operating and Maintenance (O&M) cost of 107,750
USD/year, and a Cost of Electricity (COE) value of 0.0519
USD/KWh.

The simulation results show that among the three
types of solar power stations with the same capacity, namely
45 MW. The dual-axis tracker type has the best
performance by generating electrical energy of 8,730,665
kWh/year. It is followed by the single-axis tracker type,
which generates electricity of 7,417,558 KWh/year, and
finally, the fixed-tilt type, which produces 6,725,598
KWh/year electricity. From the simulation results above, it
can be concluded that the dual-axis tracker type has the best
ability to generate electrical energy.

From an economic perspective, of the three types, the
fixed-tilt one has the best economic value with a Present Net
Cost (NPC) of USD 4.91 M, followed by the single-axis tracker
type with an NPC value of USD 5.23 M. Lastly, by the dual-
axis tracker type with an NPC value of USD 7.71 M. For the
value of Cost of Electricity (COE), the fixed-tilt type has a
value of 0.043 USD/KWh. In contrast, the single-axis tracker
type has a value of 0.0415 USD/KWh, and the dual-axis
tracker type has 0.0519 USD/KWh.

The HOMER software refers to the lowest NPC value in
selecting the most optimal type. The fixed-tilt type is the
most optimal type to be developed in Baru Pandansimo
Beach of Bantul, Yogyakarta.

4. Calculation of the Potential of a Fixed-tilt
Photovoltaic Power Station at Baru Pandansimo
Beach of Bantul, Yogyakarta

According to the availability of land at Baru
Pandansimo Beach, the maximum capacity that can be built
for a fixed-tilt photovoltaic power station is 7.8 MWp. Table
8 presents the HOMER software's optimal architecture,
specifications, and economic value.

Table 8. The architecture of a fixed-tilt photovoltaic power
plant with a capacity of 7.8 MWp

Proj i PV PV PV
roject | Capacity |, o Grid [Converter| NPC | COE |Initial Capital| 0O&M |Capital Cost | Production

Lifetime | Shortage Derati i apacity
(vears) | (%) (Years) %) %) (Kw) Kw)|  (kw) | () | ($) %) %) %) (KWh/yr)

20 100 30 96 17 7,800 | 0 | 1,000 [8.29M|0.0420| 8.33M  |114,650| 8.27M |11,657,704

From Table 8, it is known that the optimal conditions
for a fixed-tilt photovoltaic power plant with a capacity of
7.8 MWp have the following configuration:

a. Project lifetime : 20 years
b. PV lifetime : 30 years
c. PV efficiency :17%

d. Converter capacity 1MW

A fixed-tilt photovoltaic power plant can generate
electrical energy of 11,657,704 KWh/year with this
configuration. Its construction requires an initial cost of USD
8.33 M, with a Present Net Cost (NPC) of USD 8.29 M, an
Operating and Maintenance (O&M) cost of 114,650
USD/year, and a Cost of Electricity (COE) of 0.0420 USD.
/KWh. Based on the Minister of Energy and Mineral
Resources Regulation No. 19 of 2016, the purchase price of
electrical energy from PLTS is 0.145 USD/KWh. So, it will
reach BEP in the 6™ year of operation.

Figure 5 shows a breakdown of the costs of the
components of a fixed-tilt photovoltaic power plant with a
capacity of 7.8 MWp. The costs include Capital Cost,
Replacement Cost, Operating and Maintenance Cost, capital
cost, replacement cost, and salvage value.

$) Q&M a Total (5
5000 5425011 5000 5000 $8220.11
$000 $1.72384555 000 -$200631140 $7.98553415

$47,08687  $221,00584 000 32011918 3

$47.28657 §194910150 S000 -$203543058 $8292927.79

Other
PV

ystem Converier  §6
System $8331,970.00

Figure 5. Summary of a fixed-tilt photovoltaic power plant’s
costs

Figure 6 shows a breakdown of the production of
electrical energy each month in outline. The lowest
production of electrical energy occurs in June. The total
electrical energy produced is 11,657,704 KWh/year.

36462 0313
ad 22677314 664
e 2887799 B45

Figure 6. The electrical energy produced by a fixed-tilt
photovoltaic power plant with a capacity of 7.8 MWp
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Figure 7 shows the electrical energy production data
from the PV module. The average capacity of PV is 1.33 MW.
The average electrical energy produced is 31,939 KWh/day.

Minimum Output 0 kW
Maximum Output 7,746 kW
PV Penetration M1 %

Rated Capacity | 7,800 kw
Mean Output 1,331 kw
Mean Output 31,939 kWh/d
Capacity Factor ~ 17.1 %
Total Production 11,657,704 kWh/yr

Hours of Operation 4410 hrs/yr
Levelized Cost 00403  $/kWh

PV Power Output
8,000 kW

6,400 kW

4,800 kw

3,200 kW

1,600 kW

Lo kw

wwwwwwww

Figure 7. Electrical energy production by the PV module

5. Hydrogen Production Economic Calculation

Electrical energy from the photovoltaic power station
will be used to produce hydrogen either as energy storage
or as a means of energy transportation. According to Andi
Mehmeti et al. (2018), to produce 1 kg of hydrogen using
Proton Exchange Membrane (PEM) technology needs 54.6
KWh/kg of electrical energy, as shown in Table 9.

Table 9. Resources needed to produce hydrogen (Andi
Mehmeti et al., 2018)

Type

] 11 B3y B3 5]
For SMR, PEM, and SOEC water flow is water, deionized; For BMG and DF-MEC is water completely softened; for coal gasification and ethanol reforming is lap waler

From the calculation data, the electrical energy
produced by a fixed-tilt photovoltaic power plant is
11,657,704 KWh/year, and the electrical energy required to
make 1 kg of hydrogen using Proton Exchange Membrane
(PEM) Electrolysis is 54.6 KWh. Therefore, a fixed-tilt
photovoltaic power plant's hydrogen generated from
electrical energy is 213,511.06 kilograms per year. With a
COE of 0.0420 USD/KWh, the cost to produce 1 kg of H2 is
2.3 USD/kg.

4.  Conclusion

The dual-axis tracker photovoltaic power plant, based
on the calculation, has the best electrical energy production
performance compared to the single-axis tracker and the
fixed-tilt ones. With the same capacity of 4.5 MWp, it can

generate electrical energy of 8,730,665 KWh/year, while the
single-axis tracker and the fixed-tilt can do 7,417,558
KWh/year 6,725,598 KWh/year, respectively.

The fixed-tilt photovoltaic power plant has the lowest
NPC value of USD 4,91 M, making it the most optimal one to
be developed at Baru Pandansimo Beach of Bantul,
Yogyakarta. A single-axis tracker photovoltaic power plant,
producing electrical energy of 11,657,704 KWh/year, can
generate 213,511.06 kgs of H2 with an economic value of 2.3
USD/kg.
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